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Introduction: 
 
DNA hypermethylation of tumor suppressor gene promoters, in conjunction with hypomethylation 
of repetitive elements and increased expression of DNA methyltransferases (DNMTs), occurs in 
human prostate cancer. An understanding of how DNA methylation becomes deregulated in 
prostate cancer and how to reverse or prevent this process is important for developing anticancer 
therapies. It has also been shown that pharmacological inhibition of DNMTs can have anticancer 
effects, supporting the concept that hypomethylation and thus re-expression of tumor suppressor 
genes may have therapeutic significance in the treatment of cancer. The TRansgenic 
Adenocarcinoma of Mouse Prostate (TRAMP) SV40 transgenic model provides an excellent system 
to study disruption of the DNA methylation process in prostate cancer and to determine whether 
inhibition of DNMTs abrogates prostate tumorigenesis. We have shown that DNA methylation is 
deregulated in the TRAMP model, which is characterized by significantly increased DNMT activity 
and expression, repetitive element and global hypomethylation beginning at early stages, and locus 
specific hypermethylation predominantly in late stage disease. Based on these findings, we 
hypothesize that aberrant DNA methylation contributes to TRAMP tumorigenesis, and that 
disruption of DNMTs will inhibit prostate oncogenesis in TRAMP. The information gained from 
this study will permit a better understanding of the role of aberrant DNA methylation in prostate 
cancer.   
 
Specific Aims:   
 
1. Identify and characterize the biological significance of genes that have altered DNA methylation 
status in TRAMP.   
2.  Determine whether genetic disruption of DNMT1 inhibits prostate tumorigenesis in TRAMP.   
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Body: 
 
Examination of the Role of DNA Methylation Changes in Prostate Cancer using the 
Transgenic Adenocarcinoma of Mouse Prostate (TRAMP) Model 
 
Task 1. Identify and characterize the biological significance of genes that have altered DNA 
methylation status in TRAMP:   
  
 As outlined in my previous Summary Report, we were unable to identify promoter 
hypermethylation correlating with decreased gene expression, except in the case of Irx3, using 
Restriction Landmark Genomic Scanning (RLGS) analysis of several types of TRAMP tumors (1-
3).  At that time I mentioned several candidate tumor suppressor genes that are commonly 
hypermethylated in the promoter region associated with decreased expression, in human prostate 
cancer.  These genes are Aldh1a2, Mgmt, Pdlim4, and Zfp185.  mRNA expression was examined 
first in normal mouse prostate and compared that to several stages of TRAMP tumors.  All of these 
genes, except Aldh1a2, displayed decreased mRNA expression in most of the eight tumors analyzed 
as compared to normal prostate (Fig 1a-d).  This indicated that the transcription of these three genes 
(Mgmt, Pdlim4, and Zfp185) is being down regulated and DNA methylation is one possible 
mechanism for this.  Based on these results, traditional bisulfite sequencing analysis was utilized to 
examine the methylation status of the promoters of these genes.  Two normal mouse prostate 
samples and the two TRAMP tumor samples that displayed the most decrease in mRNA expression 
as compared to control for each gene were analyzed.  However, the results showed that there was no 
hypermethylation of the region of the gene promoter that was analyzed in normal prostates with 
only very slight increases in TRAMP tumors (Fig. 2a-c). It remains possible that a region of the 
promoter we did not analyze is hypermethylated, resulting in the observed decreased expression of 
Mgmt, Pdlim4, and Zfp185.  However, these results suggest that a different mechanism is utilized 
by the tumor cells to inhibit the expression of these genes.   

The above described results are similar to findings of another study from our laboratory, 
wherein we examined the family of Glutathione S-Transferase (Gst) genes, which are also 
commonly hypermethylated in human prostate cancer (4).  We examined mRNA expression in 
TRAMP tumors compared to normal prostate and found that mRNA and protein levels of the Gst 
genes are decreased as expected (4).  However, similar to the results described above for Mgmt, 
Pdlim4, and Zfp185, there was no clear increase of DNA methylation in the promoters of the Gst 
genes in TRAMP tumors as compared to normal prostate (4).  Further experiments did reveal that 
combined treatment of a TRAMP cell line with a hypomethylating agent and histone deacetylase 
inhibitor resulted in increased expression of Gst genes supporting the idea that histone 
modifications, a different epigenetic component, may be playing a role in the regulation of the Gst 
genes (4).  This may also be true for the Mgmt, Pdlim4, and Zfp185, but promoter DNA 
methylation does not seem to be regulating the expression of these genes.  

I previously proposed to utilize a microarray based technique in my alternative approaches 
in the case that RLGS or analysis of candidate genes was not sufficient to identify genes that display 
promoter hypermethylation in TRAMP tumors. At the time of my previous Summary Report, I was 
optimizing the protocol for methyl-DIP chip array analyses to compare TRAMP tumors to normal 
prostate and identify novel genes that fit these criteria. However, I had some technical difficulties 
with sample preparation for methyl-DIP analysis and since then we have begun a collaboration with 
Dr. John Greally at The Albert Einstein Institute to utilize a very similar but technically improved 
assay, HpaII Tiny Fragment Enrichment by Ligation-Mediated PCR (HELP). The array that is used 
for this assay is a Nimblegen tiling array, designed by Dr. Greally, which covers the entire mouse 
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genome. Currently, I have completed the sample preparation for both normal prostates and TRAMP 
tumors and sent them to Nimblegen for the arrays to be done.  Once the arrays have been completed 
on a small set of samples, we will analyze the results and identify a subset of hypermethylated 
genes. We will then measure DNA methylation of these genes in a large set of samples by 
MassArray or Pyrosequencing techniques to both confirm the HELP results and determine if any of 
those genes are commonly hypermethylated in TRAMP.  If genes are identified that are commonly 
hypermethylated in their promoter regions, further experiments may be done, such as qRT-PCR 
analyses to determine mRNA expression of those genes.    

 
Task 2.  Determine whether genetic disruption of DNA methyltransferase 1 (DNMT1) inhibits 
prostate tumorigenesis in TRAMP:   
 
  One goal of this task is to produce 50:50 C57Bl/6 x FVB DNMT1 hypomorphic TRAMP 
mice.  I have established and maintain colonies of R/+ and N/+ mice that have been backcrossed to 
FVB four times.  These f4 mice are 93.75% FVB and offspring of a cross to C57 are 46.9% 
FVB:53.1% C57.  I am currently collecting samples at 15 and 24 weeks of age from the 46.9% 
FVB:53.1% C57 mice which carry the TRAMP transgene and are of four possible Dnmt1 
hypomorphic phenotypes (WT, N/+, R/+, N/R).   To date ~95% of these animals have been 
collected with approximately 20 animals per genotype for each time point.  At the early time point 
(15 weeks of age) half of the samples have had the prostate tissue embedded for histological 
analysis and half have been frozen for molecular analysis as the prostate is very small at this age.  
At the later time point (24 weeks of age) prostate tissue was always embedded first and any 
remaining tissue was frozen for molecular analyses.   
  At the time of necropsy, several parameters were measured: palpable tumor incidence, 
tumor incidence, metastatic incidence, prostate weight, urogenital tract (UG) weight, and body 
weight.  At 15 weeks of age we find that Dnmt1 hypomorphic mice tend to have increased tumor 
incidence compared to WT TRAMP mice, with at least twice as many animals presenting with 
tumor (Table 1).  However, there was no change in prostate or UG weight after normalization by 
body weight (Fig. 3a-b).  Interestingly, at 24 weeks of age there is no difference in tumor incidence, 
but a slight decrease in palpable tumor incidence in R/+ and N/R mice compared to WT (Table 1).  
However, 11-17% of R/+ and N/+ mice and 0% of N/R mice have obvious metastatic disease upon 
necropsy as compared to WT mice, in which approximately 32% have metastases (Table 1).  
Prostate weights appear to be decreased in R/+ and N/R mice compared to WT mice and UG 
weights in R/+ mice also show this trend (Fig. 3c-d).  Although the percentages of mice displaying 
tumors or metastases upon necropsy clearly change in the R/+, N/+, and N/R mice compared to WT 
mice, the only statistically significant change was metastatic incidence in N/R mice (Table 1).   
   In addition to these macroscopic parameters, stage of tumor progression has also been 
measured microscopically with hematoxylin and eosin staining.  Tissue sections were scored for 
tumor stage (Normal-N, Prostatic Intraepithelial Neoplasia-PIN, Well Differentiated-WD, 
Moderately Differentiated-MD, and Poorly Differentiated-PD) and the percent of tissue observed of 
each pathological stage was determined.  Two slides of tissue sections 50 µM apart were analyzed 
for each mouse in the study at either 15 or 24 weeks of age.  In order to perform statistical analyses 
to compare pathological grade, a Disease Score was calculated from the percent of each 
pathological stage determined for each lobe, which was multiplied by a linearly increasing number 
to represent disease progression (DS = %N(0) + %PIN(1) + %WD(2) + %MD(3) + %PD(4)).  The 
Disease Scores were then averaged for the two slides analyzed from each mouse.  This resulted in 
single values for each prostatic lobe for each sample, which was then compared using the Mann-
Whitney test.  At 15 weeks, R/+, N/+, and N/R mice all display a shift in tumor progression, with 
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less normal or early stage disease and more late stage disease in all four prostatic lobes (Dorsal, 
Lateral, Ventral, and Anterior), as compared to WT TRAMP mice (Fig. 4a-d). As has been 
previously reported, the most advanced disease was in the Dorsal, Lateral, and Ventral lobes and 
minimal progression in the Anterior lobe (Fig. 4a-d).  The Disease Score analyses also suggested 
advanced disease progression at 15 weeks of age in TRAMP Dnmt1 hypomorphs compared to WT 
TRAMP mice, with significant increases in R/+, N/+, and/or N/R in all four prostatic lobes (Fig. 5a-
d).   
  The pattern of disease progression in TRAMP Dnmt1 Hypomorphic mice at 24 weeks of age 
is quite complex.  First, in all four prostatic lobes (Dorsal, Lateral, Ventral, and Anterior) R/+ mice 
have decreased percentage of late stage disease (PD and MD) and increased normal or early stage 
disease (N and PIN) as compared to WT mice (Fig. 6a-d).  Second, N/+ mice display increased PD 
disease in all prostatic lobes, except anterior, as compared to WT mice (Fig. 6a-d).  Finally, N/R 
mice tend to have increased N and PIN tissue and decreased PD disease in the Lateral and Ventral 
lobes compared to WT mice (Fig. 6b-c).  Interestingly, N/R mice also display an increase in PD and 
MD disease in the Dorsal lobe and especially the Anterior lobe compared to WT mice (Fig. 6a-d). 
Disease Score analysis revealed that R/+ mice display a significant decrease in disease progression 
compared to WT mice in the Dorsal lobe, a trend toward significance in the Lateral lobe, and an 
overall decrease in the mean DS in all four lobes at 24 weeks (Fig. 7a-d).  Although there were no 
significant changes, N/+ mice did display increased DS means in the Lateral and Ventral lobes as 
compared to WT (Fig. 10a-d).  The mean DS for N/R mice were decreased in the lateral and ventral 
lobes with a significant increase in the Anterior lobe compared to WT mice (Fig. 7a-d).  This is a 
unique finding as TRAMP mice rarely develop tumors or advanced disease in the Anterior lobe, 
indicating that DNA methylation plays a role not only the progression but the presentation of the 
prostatic disease in TRAMP. Overall, these data support our observations of decreased palpable 
tumor incidence in R/+ and N/R mice and increased incidence in N/+ mice compared to WT 
TRAMP mice at 24 weeks (Table 1).  However, we would still like to confirm that metastatic 
incidence is truly decreased or non-existent in TRAMP Dnmt1 hypomorphic mice as compared to 
WT TRAMP mice at this time point.  In order to do this, we are currently performing Tag staining 
of 2 sections of tissue from 15 and 24 week old mice to identify TRAMP prostate tumor cells in 
liver, lung, kidney, and lymph node tissues.   
  I next measured Dnmt1, Dnmt3a, and Dnmt3b mRNA expression, B1 repetitive element 
methylation, and global (5mdC) levels of methylation in the prostates of 15 and 24 week old 
TRAMP Dnmt1 Hypomorphic mice.  Because all of these parameters become altered during 
TRAMP tumor progression, we were unsure of how they may change in the TRAMP Dnmt1 
Hypomorphic mice (1-3).  Dnmt1, Dnmt3a, and Dnmt3b mRNA expression are similar for all four 
genotypes at 15 weeks of age, with a slight decrease in Dnmt1 in N/R mice (Fig. 8a-c).  At 24 
weeks of age, Dnmt1 mRNA expression is significantly decreased in R/+ and N/R mice compared 
to WT TRAMP mouse prostate tissue (Fig. 8d-f).  Dnmt3a and Dnmt3b mRNA expression shows 
some variability amongst the four genotypes with a significant increase in Dnmt3A in prostate 
tissue from N/+ mice (Fig. 8d-f).  We have previously shown that Dnmt expression increases with 
tumor progression (3).  Interestingly, at 15 weeks R/+, N/+, and N/R mice appear to have more 
advanced disease than WT mice and at 24 weeks, N/+ mice appear to have more progressive disease 
(Figs. 3-6).  In all of these instances, Dnmt1 expression is not decreased as expected and Dnmt3A 
and Dnmt3B may also be increased.  Therefore, I next compared Dnmt mRNA expression to stage 
in tumor progression.  Expression of all three Dnmt genes increased with tumor progression at both 
15 and 24 weeks, suggesting that the lack of decreased Dnmt1 mRNA expression and the variable 
mRNA expression of Dnmt3A and Dnmt3B are at least partially due to disease progression (Fig. 
9a-f).  B1 methylation levels are decreased in N/R mouse prostate tissue, but unchanged in R/+ and 
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N/+ compared to WT at both 15 and 24 weeks of age (Fig. 10a-b).  Global 5mdC levels are 
decreased in N/R mouse prostate tissue at 15 weeks of age and N/+ and N/R mouse prostate tissue 
at 24 weeks of age compared to control (Fig. 10c-d).  In addition, B1 methylation and 5mdC levels 
in prostate tissue are strongly correlative at both 15 and 24 weeks of age (Fig. 10e-f).  It is possible 
that the progressed disease stage in N/+ mice at 24 weeks is resulting in the decreased 5mdC levels 
as we have previously shown that these two parameters correlate (3).   
  As described above, liver tissue was used as a control in the non-TRAMP Dnmt1 
hypomorphic mice and we know that Dnmt expression and DNA methylation are disrupted in 
TRAMP tumors (1-3).  Therefore we also analyzed Dnmt1, Dnmt3a, and Dnmt3b mRNA 
expression and B1 repetitive element methylation in liver tissue from the TRAMP Dnmt1 
Hypomorpic mice at both 15 and 24 weeks of age.  Dnmt1 mRNA was decreased in R/+, N/+, and 
N/R mice with the least Dnmt1 expression in N/R mice, as compared to WT mice at both timepoints 
(Fig. 11a &d).  There was no change in Dnmt3A or Dnmt3b mRNA expression in the four 
genotypes (Fig. 11b-c & e-f).  Methylation of the B1 repetitive element was decreased in both N/+ 
and N/R liver samples at 15 weeks and in N/R liver samples at 24 weeks as compared to WT liver 
samples (Fig. 12a-b).  These data suggest that all three hypomorphic genotypes will result in 
decreased Dnmt1 mRNA levels, but that this may not necessarily result in hypomethylation of the 
B1 element.  Overall, we confirmed the expected phenotype based on the genotype of these mice.   
  Currently, I am examining Dnmt1, Dnmt3A, and Dnmt3b protein expression by western blot 
analysis and preparing samples for HELP analyses on TRAMP Dnmt1 hypomorph prostate 
samples.  Our goal is to identify genes that are not methylated in the Dnmt1 hypomorphic mice that 
normally become hypermethylated during TRAMP tumor progression.  We hypothesize that these 
genes may be important for the progression of TRAMP tumors and especially the development of 
metastatic disease. 
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Key Research Accomplishments: 
 
Key Scientific Findings: 
● There are several genes (Mgmt, Pdlim4, Zfp185, and Glutathione-s-transferases) that are 

commonly hypermethylated in human prostate cancer that are also downregulated at the 
transcriptional level in TRAMP tumors.   

● In TRAMP these genes are not regulated by DNA methylation, but perhaps some other 
epigenetic mechanism. 

● R/+ TRAMP mice compared to WT TRAMP mice display: 
● slight increases in tumor incidence and pathological stage at 15 weeks of age 
● slight decreases in palpable tumor and metastatic incidence, as well as decreased 

prostate and UG weights and pathological stage at 24 weeks 
● no change in Dnmt1 mRNA expression at 15 weeks, but significantly decreased 

Dnmt1 mRNA expression at 24 weeks, with no change in Dnmt3a or Dnmt3b 
mRNA expression at either timepoint 

● no change in B1 methylation or in 5mdC levels at either time point 
● N/+ TRAMP mice compared to WT TRAMP mice display: 

● no change in prostate or UG weight at 15 or 24 weeks of age 
● increased tumor incidence and pathological stage at 15 weeks of age 
● increased palpable tumor incidence and pathological stage at 24 weeks of age 
● no significant change in Dnmt expression at either time point, except an increase in 

Dnmt3a at 24 weeks of age 
● no change in B1 methylation at 15 or 24 weeks of age 
● no change in 5mdC levels at 15 weeks, but significant hypomethylation at 24 weeks 

of age 
● N/R TRAMP mice compared to WT TRAMP mice display: 

● increases in tumor incidence and pathological stage at 15 weeks of age 
● slight decrease in palpable tumor and with no metastatic incidence, with a trend 

toward decreased prostate weight and pathological stage at 24 weeks 
● increased tumor progression at 24 weeks specifically in the anterior lobe 
● significant decrease in Dnmt1 mRNA expression at 15 and 24 weeks 
● no significant change in Dnmt3A and Dnmt3B mRNA expression at 15 and 24 

weeks 
● significant decreases in B1 methylation and 5mdC levels at 15 and 24 weeks of age 

● Liver samples from TRAMP Dnmt1 hypomorphic mice have significantly decreased Dnmt1 
mRNA expression, no change in Dnmt3A or Dnmt3B mRNA expression and decreased 
methylation of B1 in N/+ and N/R mice at 15 weeks and N/R mice at 24 weeks of age. 

● Dnmt1, Dnmt3A, Dnmt3B mRNA expression positively correlate with tumor progression. 
● B1 methylation positively correlates with 5mdC levels. 

 
Resources: 

• Dnmt1 hypomorphic mouse colony (C57Bl/6) 
• Dnmt1 hypomorphic TRAMP mouse colony (FVB) 
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Reportable Outcomes: 
 
Manuscripts 
 

Cory Mavis, Shannon R. Morey Kinney, Barbara A. Foster, Adam R. Karpf.  Expression level and DNA 
methylation status of Glutathione-S-transferase genes in normal murine prostate and TRAMP tumors. The Prostate. 
In Press. 
 
Shannon R. Morey Kinney, Dominic J. Smiraglia, Smitha R. James, Michael T. Moser, Barbara A. Foster, and 
Adam R. Karpf. Stage-specific alterations of Dnmt expression, DNA hyper-methylation, and DNA hypomethylation 
during prostate cancer progression in the TRAMP model. Molecular Cancer Res.  6(8) August 2008. Selected as 
Online First Publication.  
 
Marta Camoriano*, Shannon R. Morey Kinney*, Michael T. Moser, Barbara A. Foster, James L. Mohler, Donald L. 
Trump, Adam R. Karpf, and Dominic J. Smiraglia.  Phenotype-specific CpG Island Methylation Events in a Murine 
Model of Prostate Cancer.  Cancer Research 68, 4173-4182, June 1, 2008.  
*Equal contribution   

 
Presentations 
 

Oral  
 
1. Shannon R. Morey Kinney.  The Effects of Genetic Reduction of Dnmt1 on TRAMP tumor progression and 
metastasis.  Pharmacology and Therapeutics Departmental Retreat, Holiday Valley Resort and Conference Center, 
Ellicottville, NY, October 2008. 
 
2. Shannon R. Morey Kinney, Dominic J. Smiraglia, Smitha R. James, Michael T. Moser, Barbara A. Foster, and 
Adam R. Karpf.  Stage specific alterations of the DNA methylation pathway in a mouse model of prostate cancer.  
DNA Function Meeting, Roswell Park Cancer Institute, March, 2008 

 
Poster  
 
1. Shannon R. Morey Kinney, Dominic J. Smiraglia, Smitha R. James, Michael T. Moser, Barbara A. Foster, and 
Adam R. Karpf.  Stage-specific alterations of Dnmt expression, DNA hyper-methylation, and DNA hypomethylation 
during prostate cancer progression in the TRAMP model.  AACR Cancer Epigenetics Meeting, Boston, MA, May, 
2008. 
 
3. Shannon R. Morey Kinney, Marta Camoriano, Michael T. Moser, Barbara A. Foster, Dominic J. Smiraglia, and 
Adam R. Karpf.   Restriction Landmark Genomic Scanning Reveals Phenotype Specific Epigenomic Patterns in a 
Mouse Model of Prostate Cancer.  Annual Pharmacology Sciences Day, University at Buffalo, May, 2008.  
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Conclusions:  
 
  We have identified several genes that are commonly silenced in human prostate cancer 
through promoter hypermethylation that are also downregulated in TRAMP tumors.  However, 
none of these genes display DNA hypermethylation in the large region of the promoter that we 
analyzed.  Further studies suggest that epigenetic modifications, such as histone deacetylation, may 
still be playing a role.  We have begun to use a new technique (HELP), in order to determine 
whether promoter methylation is a mechanism that is utilized in TRAMP tumors to silence tumor 
suppressor genes.  This microarray based assay will cover the entire mouse genome and therefore 
should reveal any commonly hypermethylated promoters.    
  We have previously shown that global DNA hypomethylation occurs early, while locus 
specific DNA hypermethylation occurs late during TRAMP tumor progression.  Using a Dnmt1 
hypomorphic mouse model, we have tested the role of Dnmt1 and hence these DNA methylation 
changes in TRAMP tumorigenesis.  At an early time point hypomorphic mice display advanced 
tumor progression and at a later time point hypomorphic mice have decreased tumor progression 
and metastases.  First, these results suggest that global hypomethylation is an important event in 
prostate cancer progression and increased hypomethylation due to Dnmt1 hypomorphicity promotes 
that early stage event, thus pushing the progression forward.  Furthermore, these data support the 
hypothesis that locus specific hypermethylation is repressing important tumor suppressor genes that 
play a role in prostate cancer progression and especially metastatic processes and decreased Dnmt1 
expression prevents locus specific hypermethylation, thereby slowing or preventing these late stage 
processes  Taken together this indicates a dual role for Dnmt1 in TRAMP tumor progression with a 
suppressive role in early stage disease and oncogenic role at later stages.  
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Appendix 
 
Supporting Data 
 
Figure 1. Aldh1a2, Mgmt, Pdlim4, and Zfp185 mRNA expression in normal mouse prostate (N) and 
TRAMP prostate tumors (T).  A) Aldh1a2 B) Mgmt C) Pdlim4 D) Zfp185 mRNA levels as 
determined by SYBR green qRT-PCR.  Copy number of target genes were normalized by 18s 
rRNA endogenous control. 
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Figure 2. Mgmt, Pdlim4, and Zfp185 promoter methylation in normal mouse prostate (N) and 
TRAMP tumors (T).  A) Mgmt B) Pdlim4 C) Zfp185 promoter methylation status as determined by 
traditional sodium bisulfite sequencing.  Each circle represents a CpG with white circles indicating 
an unmethylated CpG and black circles indicating a methylated CpG.  Each row of circles indicates 
a separate clone that was sequenced.  Bent arrow indicates the transcriptional start site of the gene.  
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 Table 1. Tumor and metastatic incidence in TRAMP Dnmt1 Hypomorphic Mice. 
 

Genotype / Age at sac 
N 

Tumor 
incidence 

Fischer's Exact     
p-value ( Vs. WT ) 

Palpable 
Tumor 

Incidence 

Fischer's Exact     
p-value ( Vs. WT ) 

Met 
Incidence 

Fischer's Exact     
p-value ( Vs. WT ) 

WT / 15 weeks  15% 10% 5% 

N = 20 3 
  

2 
  

1 
  

R/+ / 15 weeks  30% 20% 0% 

N = 20 6 
0.47 

4 
0.66 

0 
1.0 

N/+ / 15 weeks  40% 11% 0% 

N = 28 11 
0.21 

3 
1.0 

0 
0.40 

N/R /  15 weeks  30% 10% 0% 

N = 20 6 
0.47 

2 
1.0 

0 
1.0 

WT / 24 weeks  89% 42% 32% 

N = 19 17 
 

8 
 

6 
 

R/+ / 24 weeks  74% 21% 11% 

N = 19 14 
0.80 

4 
0.33 

2 
0.26 

N/+ / 24 weeks  83% 54% 17% 

N = 24 20 
1.0 

13 
0.78 

4 
0.48 

N/R / 24 weeks  86% 32% 0% 

N = 22 19 
1.0 

7 
0.76 

0 
0.02 
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p = 0.07 p = 0.07 

Figure 3. Prostate and Urogenital Tract (UG) weights normalized by body weight in TRAMP 
Dnmt1 Hypomorphic mice.  A) Prostate weight in 15 week old TRAMP mice.  B) UG weight in 15 
week old TRAMP mice. C) Prostate weight in 24 week old TRAMP mice.  D) UG weight in 24 
week old TRAMP mice.  Each symbol indicates one sample and the bar indicates the mean.  P-
values are the result of Mann-Whitney test statistical analyses compared to WT indicating a trend 
toward significance (p ≤ 0.1). 
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Figure 4. Histological analysis of prostate tumor stage in 15 week old TRAMP Dnmt1 
Hypomorphic mice.  Microscopic analysis of hematoxylin and eosin staining of prostate tissue from 
WT, R/+, N/+, and N/R TRAMP mice at 15 weeks of age.  Percent of each pathological grade (N-
Normal, PIN-Prostatic Intraepithelial Neoplasia, WD-Well Differentiated, MD-Moderately 
Differentiated, PD-Poorly Differentiated) was determined and averaged for all of the animals in 
each group for the four lobes of mouse prostate A) Dorsal, B) Lateral, C) Ventral, and D) Anterior.  
Two sections from the prostate of each mouse were analyzed at 40X magnification for each 
genotype.   
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  p < 0.05 

Figure 5. Prostate cancer Disease Score in 15 week old TRAMP Dnmt1 Hypomorphic mice. A) 
Disease Score values based on pathological grading of the A) Dorsal B) Lateral C) Ventral and D) 
Anterior lobes in WT, R/+, N/+, and N/R TRAMP mice at 24 weeks of age.  Disease Score was 
calculated as described above.   Each symbol represents the average of two slides examined for each 
mouse and the bar indicates the mean of each group.  P-values are the result of Mann-Whitney test 
statistical analyses compared to WT indicating statistical significance (p < 0.05) or a trend toward 
significance (p ≤ 0.1). 
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Figure 6. Histological analysis of prostate tumor stage in 24 week old TRAMP Dnmt1 
Hypomorphic mice.  Microscopic analysis of hematoxylin and eosin staining of prostate tissue from 
WT, R/+, N/+, and N/R TRAMP mice at 24 weeks of age.  Percent of each pathological grade (N-
Normal, PIN-Prostatic Intraepithelial Neoplasia, WD-Well Differentiated, MD-Moderately 
Differentiated, PD-Poorly Differentiated) was determined and averaged for all of the animals in 
each group for the four lobes of mouse prostate A) Dorsal, B) Lateral, C) Ventral, and D) Anterior.  
Two sections from the prostate of each mouse were analyzed at 40X magnification for each 
genotype.   
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Figure 7. Prostate cancer Disease Score in 24 week old TRAMP Dnmt1 Hypomorphic mice. A) 
Disease Score values based on pathological grading of the A) Dorsal B) Lateral C) Ventral and D) 
Anterior lobes in WT, R/+, N/+, and N/R TRAMP mice at 24 weeks of age.  Disease Score was 
calculated as described above.   Each symbol represents the average of two slides examined for each 
mouse and the bar indicates the mean of each group.  P-values are the result of Mann-Whitney test 
statistical analyses compared to WT indicating statistical significance (p < 0.05) or a trend toward 
significance (p ≤ 0.1). 
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p < 0.05 

Figure 8. Dnmt1, Dnmt3a, and Dnmt3b mRNA expression in prostate tissue from TRAMP Dnmt1 
Hypomorphic mice.  A) Dnmt1 B) Dnmt3a C) Dnmt3b mRNA expression in 15 week old TRAMP 
prostate.  D) Dnmt1 E) Dnmt3a F) Dnmt3b mRNA expression in 24 week old TRAMP prostate. 
Each symbol indicates one sample and the bar indicates the mean.  P-values are the result of Mann-
Whitney test statistical analyses compared to WT indicating statistical significance (p < 0.05). 
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Figure 9. Dnmt1, Dnmt3a, and Dnmt3b mRNA expression increases with advanced disease in 
TRAMP Dnmt1 Hypomorphic mice.  A) Dnmt1 B) Dnmt3a C) Dnmt3b mRNA expression in 15 
week old TRAMP prostate grouped for approximate stage of disease.  D) Dnmt1 E) Dnmt3a F) 
Dnmt3b mRNA expression in 24 week old TRAMP prostate grouped for approximate stage of 
disease. Each symbol indicates one sample and the bar indicates the mean.   
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Figure 10. B1 methylation and global 5mdC levels in TRAMP Dnmt1 Hypomorphic mice.  B1 
methylation in A) 15 and B) 24 week old TRAMP prostate.  5mdC levels in C) 15 and D) 24 week 
old TRAMP prostate. Correlation analyses of B1 methylation and 5mdC levels in E) 15 and F) 24 
week old TRAMP prostate. Each symbol indicates one sample and the bar indicates the mean. P-
values are the result of Mann-Whitney test statistical analyses compared to WT (A-D) and 
Spearman correlation r and p-values (E-F). M and U are methylated and unmethylated control DNA 
samples. 
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p =0.07 p <0.01 p <0.01 

Figure 11. Dnmt1, Dnmt3a, and Dnmt3b mRNA expression in liver tissue from TRAMP Dnmt1 
Hypomorphic mice.  A) Dnmt1 B) Dnmt3a C) Dnmt3b mRNA expression in 15 week old TRAMP 
liver.  D) Dnmt1 E) Dnmt3a F) Dnmt3b mRNA expression in 24 week old TRAMP liver. Each 
symbol indicates one sample and the bar indicates the mean.  P-values are the result of Mann-
Whitney test statistical analyses compared to WT indicating statistical significance (p < 0.05) or a 
trend toward significance (p ≤ 0.1). 
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Figure 12. B1 methylation levels in TRAMP Dnmt1 Hypomorphic mice.  B1 methylation in liver 
tissue from A) 15 and B) 24 week old TRAMP Dnmt1 Hypomorphs.  Each symbol indicates one 
sample and the bar indicates the mean. P-values are the result of Mann-Whitney test statistical 
analyses compared to WT. M and U are methylated and unmethylated control DNA samples. 
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